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Objective:  To  evaluate  the  efficacy  and  feasibility  of  thermo-ablative  fractional  CO2 laser  for  the treatment
of  symptoms  related  to vulvo-vaginal  atrophy  (VVA)  in  post-menopausal  women.
Methods:  From  April  2013  to December  2013,  post-menopausal  patients  who  complained  of  one  or  more
VVA-related  symptoms  and  who  underwent  vaginal  treatment  with  fractional  CO2 laser  were enrolled  in
the  study.  At  baseline  (T0)  and 30 days  post-treatment  (T1),  vaginal  status  of the  women  was  evaluated
using  the  Vaginal  Health  Index  (VHI),  and  subjective  intensity  of  VVA  symptoms  was  evaluated  using  a
visual analog  scale  (VAS).  At T1,  treatment  satisfaction  was  evaluated  using  a 5-point  Likert  scale.
Results:  During  the  study  period,  a total  of  48  patients  were  enrolled.  Data  indicated  a significant  improve-
ment  in  VVA  symptoms  (vaginal  dryness,  burning,  itching  and  dyspareunia)  (P  <  0.0001)  in  patients  who
had  undergone  3 sessions  of vaginal  fractional  CO2 laser  treatment.  Moreover,  VHI  scores  were sig-

nificantly  higher  at T1 (P  <  0.0001).  Overall,  91.7%  of  patients  were  satisfied  or  very satisfied  with  the
procedure  and  experienced  considerable  improvement  in quality  of life  (QoL).  No  adverse  events  due  to
fractional  CO2 laser  treatment  occurred.
Conclusion:  Thermo-ablative  fractional  CO2 laser  could be  a  safe,  effective  and  feasible  option  for  the
treatment  of  VVA  symptoms  in  post-menopausal  women.
. Introduction

Before the climacteric period, the vagina is composed of thick
ayers of healthy cells, and estrogen encourages the growth
nd development of these cells; therefore, the vaginal epithe-
ium remains multi-layered, and vaginal walls are supple and
lastic [1,2]. The progressive reduction in circulating estrogen,
hich occurs following the cessation of ovarian function during
enopause, induces various metabolic and tissue changes, which

re most prominent in the genital tract due to its particular sensitiv-
ty to variations in sex hormone levels [2,3]. Vulvo-vaginal atrophy
VVA) is a progressive, chronic condition that manifests as involu-
ion of the vulvo-vaginal mucous membranes and tissues due to
he menopausal drop in estrogen levels [4,5].
Please cite this article in press as: Perino A, et al. Vulvo-vaginal atrop
CO2 laser. Maturitas (2015), http://dx.doi.org/10.1016/j.maturitas.201

Typical symptoms of VVA, which reflect these vulvo-vaginal
orpho-functional changes, include vaginal dryness, itching, burn-

ng, irritation, dysuria and dyspareunia [6,7]. In particular, the
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vaginal walls appear thinner and less elastic with loss of rugations.
The entire vaginal canal becomes narrower and shorter. The vagi-
nal surface appears dry and friable and often bleeds after minimal
trauma. The vulvar area, particularly the clitoris, becomes atrophic
and more vulnerable [8].

Vaginal atrophy can worsen over the years and negatively influ-
ence quality of life (QoL) [9]. Approximately 50% of postmenopausal
women experience symptoms of VVA [10,11], which can range from
mild (annoying) to severe (very bothersome).

These symptoms may  cause significant emotional distress and
may  result in sexual dysfunction. The burden of VVA on the indi-
vidual and the population is greater than physicians may  realize,
especially due to socio-cultural barriers and a lack of access to
health care in certain countries [12].

Because of the progressive aging of the general population,
women may  complain of vaginal aging symptoms (itching, burning,
reduced lubrication, superficial and/or severe dyspareunia related
hy: A new treatment modality using thermo-ablative fractional
4.12.006

to vulvovaginal atrophy) for more than one third of their lives [13].
Several therapeutic options are available to alleviate VVA symp-

toms, including non-hormonal products for mild cases, vaginal
hormone therapy for persistent symptoms, and systemic hormonal

dx.doi.org/10.1016/j.maturitas.2014.12.006
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Fig. 1. Colposcopic view of vaginal walls immediately after a session of fractional
CO2 laser therapy. Arrows indicate macroscopic ablation zones.
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eplacement therapy (HRT) as a broader approach for severe
ymptoms [2,14]. Lubricants have been demonstrated to decrease
aginal irritation during sexual activity but do not provide a long-
erm solution [15]. Few clinical data have indicated that vaginal

oisturizers improve VVA symptoms [16]. Systemic HRT may  be
onsidered for climacteric symptoms in the absence of contraindi-
ations; however, this type of treatment is associated with more
ide effects than the local administration of HRT and is not recom-
ended unless vasomotor symptoms need to be controlled [2,14].

everal clinical trials have demonstrated the efficacy of low-dose
ocal estrogen therapies in women with only VVA symptoms in the
bsence of contraindications. However, limited data are available
n the long-term safety of these therapies, and no information is
vailable on high-risk patients [2,14,17].

Moreover, the major drawback of this approach is the recur-
ence of symptoms once treatment has been suspended, and this
reatment is only effective in the superficial layer of the vaginal
alls [18].

In recent years, there has been a greater demand for a safe, long-
erm therapeutic option that can effectively treat the deeper layers
f the vaginal mucosa in addition to the epithelium. By applying the
rinciples of regenerative and anti-aging medicine to the vaginal
ucosa, the use of fractional CO2 laser may  be extended to treat

atients with VVA [19].
As demonstrated in other areas of the body [20–24], this system

nduces the topical remodeling of connective tissue and the pro-
uction of collagen and elastic fibers. Based on results that were
btained on the skin, we applied a fractional CO2 laser treatment
hat was specifically designed for the vaginal mucosa to deter-

ine the safety and efficacy of this treatment in improving VVA
ymptoms in postmenopausal women.

. Materials and methods

.1. Patients

For this observational pilot study, post-menopausal patients
ho complained of one or more symptoms related to VVA and
ho underwent vaginal treatment with fractional CO2 laser from
pril 2013 to December 2013 were included in the study. The

nclusion criteria consisted of menopausal status (including early
orms), one or more vulvo-vaginal symptoms (e.g., itching, burn-
ng, reduced lubrication, superficial and/or severe dyspareunia),
nd non-response to previous estrogen or local therapies. Patients
ith active genital infections, pelvic organ prolapse (POP) stage

II (according to the Half Way  System for the quantification of
OP) [25] and/or the use of HRT (systemic or local) up to 6 months
efore the study recruitment period were excluded from the study.
atients who used vaginal lubricants or any other local prepara-
ions were asked to suspend the application of these treatments and
ere included in the study after 30 days. Women  who  were using
sychotropic drugs were excluded. The study was approved by the
ospital Research Committee. All patients who were recruited for

he study signed an informed consent form.

.2. Laser device

A fractional CO2 laser system (SmartXide2V2LR, Deka m.e.l.a.,
lorence, Italy) was equipped with a VulvoVaginal Laser Reshap-
ng (V2LR) scanning system and appropriate probes for the vaginal
rea. This treatment modality is based on the interaction between
Please cite this article in press as: Perino A, et al. Vulvo-vaginal atrop
CO2 laser. Maturitas (2015), http://dx.doi.org/10.1016/j.maturitas.201

 specific CO2 pulsed laser and the vaginal mucosa. A laser beam
s emitted fractionally, and the CO2 laser is focused in small spots
called DOTs) that are separated by healthy tissue. The laser beam
enetrates the tissue and releases heat only when the set depth is
Fig. 2. New specifically designed vaginal probe with a pyramidal tip that allows
laser beam emission at 360◦ .

reached. With software control and a radiofrequency system that
feeds the laser source, it is possible to select the D-Pulse mode, the
depth (SmartStak parameter, from 1 to 3) and the quantity (power,
dwell time and spacing) of heat to be transferred to the tissue. The
SmartStak function allows for careful control of vaporization depth
and thermal action. Successive pulses are emitted in the same area
for a Stack variable of 1–3 (in the vaginal application). This proce-
dure allows the mucosa to cool between two successive pulses and
minimizes thermal damage.

Every pulse is composed of a constant high-energy peak power
to produce rapid ablation of the epithelial component of atrophic
mucosa, followed by longer emission times (dwell time) that allow
the CO2 laser to penetrate further into the mucosa.

The pulses are distributed over the vaginal wall and are spaced
(DOT spacing) to cover the entire treatment area. A specific probe is
used to deliver the pulses, which allows for energy emission at 360◦

(Fig. 1). In this study, a calibrated probe was  specifically utilized for
vaginal application, and this probe can be easily inserted into the
vaginal canal (Fig. 2). The laser is projected toward a 45◦-oriented
mirror that is placed at the tip of the probe to be reflected on the
vaginal walls but not the uterine cervix. To completely treat the
vaginal area, it is necessary to emit many laser spots while progres-
sively extracting the probe from the vaginal fundus. Each treatment
spot consists of two passages. After the first energy release, the
probe is rotated approximately 2 cm (using the regulatory tool)
clockwise while remaining at the same vaginal distance.

2.3. Laser treatment

Each patient was  treated with the fractional CO2 laser system
using the vaginal probe.

In all cases, introduction of the probe into the vaginal canal
was successful, and treatment was completed. In several difficult
hy: A new treatment modality using thermo-ablative fractional
4.12.006

cases, a gel was applied to the top of the probe to facilitate entry.
All patients underwent a complete cycle of three treatment ses-
sions that were spaced over a period of at least 30 days. For each
patient, a Pap test and vaginal swabbing were performed to rule

dx.doi.org/10.1016/j.maturitas.2014.12.006
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ut local lesions or infections. The procedure was performed in the
utpatient clinic by two operators (A.P. and G.C.), and the patients
id not receive analgesia or anesthesia. Ex vivo results obtained
rom vaginal wall specimens were used to design the laser device
unpublished data). According to these data, the settings for intrav-
ginal treatment were a DOT power of 40 watts, a dwell time of
000 �s, DOT spacing of 1000 �m,  SmartStak 2 and the D-Pulse
ode. When necessary, the DOT power was reduced to 30 or 20
atts for the treatment of the vaginal introitus, which is a highly

ensitive area. With these parameters, the patients did not expe-
ience any discomfort during the application of the fractional CO2
aser to the vaginal mucosa similar to a previous clinical experi-
nce (personal unpublished data). During all treatment sessions,
he following two-phase protocol was followed:

) positioning of the speculum and observation of the vagina using
colposcopic vision (Vaginal Health Index, VHI, scoring was per-
formed during this phase);

) careful introduction of the probe deep into the vaginal canal
before start of procedure.

No local therapy was recommended after the laser sessions. To
void vaginal irritation during the healing process, patients were
dvised to avoid coital activity for at least 1 week following each
aser application. Any secondary or collateral effects of the treat-

ent were recorded. For study analysis, two relevant time points
ere considered for the evaluation of treatment results: baseline

T0) and 30 days after the last laser application (T1).

.4. Study data

Relevant demographic characteristics, pre-treatment clinical
ata and inclusion/exclusion criteria were recorded at T0. At T0 and
1, vaginal status of the patients was evaluated using VHI scores
obtained using colposcopic vision), which consisted of the follow-
ng 5 parameters: elasticity, fluid volume, pH, epithelial integrity
Please cite this article in press as: Perino A, et al. Vulvo-vaginal atrop
CO2 laser. Maturitas (2015), http://dx.doi.org/10.1016/j.maturitas.201

nd moisture. Each parameter was graded from 1 (worst condition)
o 5 (best condition) [26,27]. The “elasticity” parameter was  mainly
valuated through introduction and positioning of the speculum
n the vaginal canal, as, based on VVA severity, it was possible to

ig. 3. (A and B). At T0 before laser treatment, vaginal walls are thinner and less elastic w
aginal  resurfacing effect is observed (B); arrow indicates restored vaginal mucosa. (For i
o  the web version of this article.)
 PRESS
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observe less vaginal distensibility and pain in this phase; moreover,
a cotton tip, pressed to the vaginal walls, was used to add further
information regarding vaginal “elasticity”.

In addition, the “epithelial integrity” parameter was evaluated
during the introduction of the speculum, observing the tendency
to bleed of the vaginal walls in this phase. The “vaginal pH” param-
eter was evaluated using a colorimetric test. The “fluid volume”
parameter was  evaluated using a cotton tip applicator passed over
the vaginal walls, and to estimate the “moisture” parameter it was
sufficient to observe the vaginal surface using a colposcopic view.

Intensity of VVA symptoms was also evaluated (vaginal itching,
vaginal burning, vaginal dryness and dyspareunia) using a visual
analog scale (VAS), which is based on a score from 1 to 10, where 1
indicates the absence of symptoms and 10 indicates severe symp-
toms (“as bad as it could be”).

At T1, treatment satisfaction was  evaluated using a 5-point Lik-
ert scale (very satisfied, satisfied, uncertain, dissatisfied and very
dissatisfied). Treatment was considered satisfactory when patient
answers were “very satisfied” or “satisfied”. Eventual adverse
events which occurred or were referred by patients (during, imme-
diately after treatment sessions, and until end of study) were
recorded. We  considered any disorder, discomfort or injury, both
local and general, arising in relation to the application of the vaginal
fractional CO2 laser as an adverse event.

2.5. Statistical analysis

Statistical analysis was  performed using SPSS for Windows (ver-
sion 17.0). Data are presented as the median and interquartile range
(IQR). Differences in VAS scores at T0 and T1 were analyzed using
the Wilcoxon test. Statistical significance was set at P < 0.05.

3. Results

A total of 48 patients were enrolled in the study; median age
was 56 years. All demographic characteristics of the patients are
hy: A new treatment modality using thermo-ablative fractional
4.12.006

reported in Table 1.
Duration of menopausal status was  <2 years in 9 cases (18.7%),

between 2 and 5 years in 22 cases (45.8%) and >5 years in 17
cases (35.4%). Duration of therapy prior to laser CO2 treatment

ith loss of rugations (A); yellow ring highlights petechial atrophy. At T1, complete
nterpretation of the references to color in this figure legend, the reader is referred

dx.doi.org/10.1016/j.maturitas.2014.12.006
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Table 1
Demographic characteristics of the study population.

Age (median/IQR) 56/7.75
Body Mass Index (median/IQR) 24.3/3.25
Parity (median/IQR) 1/1.75
Smokers (n, %) 9 (18.7)
Previous HRT (n, %) 11 (22.9)
Previous vaginal estriol (n, %) 10 (20.8)
Previous vaginal hyaluronic acid (n, %) 4 (8.3)
Previous vaginal estriol and hyaluronic acid (n, %)a 19 (39.6)
Other previous therapy (Aloe vera, vitamins, phytoestrogens) 4 (8.3)

a Different courses of treatment.

Table 2
Changes in the VHI score and the intensity of VVA symptoms.

T0 T1

VHI score 10.5/3 21.5/2
Vaginal drynessa 8/2 2/1
Vaginal burninga 6/2 2/1
Vaginal itchinga 6/1.75 2/0.75
Dyspareuniaa 8/2 3/1

Note: Data are presented as median/IQR.
a Measured on VAS scale (range 1–10).

Fig. 4. Boxes and whiskers represent the medians, 1st and 3rd quartiles, and mini-
mum  and maximum values of VHI scores. Statistical analysis was performed using
t
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Fig. 5. Boxes and whiskers represent the medians, 1st and 3rd quartiles, and

ficial areas.
Salvatore et al. recently published a pilot study on the treat-

ment of VVA in postmenopausal women  using fractional CO2 laser
he  Wilcoxon test. aP < 0.0001.

as variable: <12 months in 8 patients (16.7%), between 12 and 24
onths in 27 patients (56.2%), >24 months in 13 patients (27.1%).
In 22.9% of cases, patients had used systemic HRT with no ben-

fit, before vaginal CO2 laser treatment.
All enrolled patients completed the study protocol and final

valuation at T1 (Fig. 3). Changes in VHI scores and intensity of
VA symptoms at each time point are described in Table 2.

VHI scores at T1 were statistically higher than at T0 (21.5/2 vs.
0.5/3; P < 0.0001) (Fig. 4). For each VAS parameter considered in
he analysis, a statistically significant improvement was recorded
dryness: 8/2 vs. 2/1; burning: 6/2 vs. 2/1; itching: 6/1.75 vs. 2/0.75,
yspareunia 8/2 vs. 3/1; P < 0.0001) (Fig. 5).

Patient satisfaction with laser procedure at T1 was as follows:
8 (37.5%) patients were very satisfied, 26 (54.2%) were satisfied,

 (6.2%) were uncertain, 1 (2.1%) was dissatisfied and 0 were very
issatisfied.

Mean time required for each treatment session was  6 min
±2 min), and no significant differences were observed between
atients or between the sessions for the same patient. No adverse
vents due to fractional CO2 laser treatment occurred. In no case
as it necessary to stop the procedure because of patient pain or

ntolerance.
Please cite this article in press as: Perino A, et al. Vulvo-vaginal atrop
CO2 laser. Maturitas (2015), http://dx.doi.org/10.1016/j.maturitas.201
minimum and maximum values for VAS scores (dryness, burning, itching, and dys-
pareunia). Statistical analysis was performed using the Wilcoxon test. aP < 0.0001.

4. Discussion

Over the past decade, the use of CO2 laser has been widely
adopted in medicine, especially in dermatology and plastic surgery
[20–24,28]. This laser consists of a CO2 ray (infrared ray), which
generates heat and vaporizes the water content of target cells.

The effect is specific to the superficial layer of skin and does not
cause damage to surrounding tissue. In 2003, Capron et al. identi-
fied the principal mechanism of the laser-effect, which is based on
the generation of supra-physiologic levels of heat that induce a local
heat shock response [28]. This response is a temporary and rapid
change in cellular metabolism characterized by the massive pro-
duction of heat shock proteins (HSPs), a group of proteins that are
present in the cells of all organisms. HSPs have a chaperone role
in protecting the extracellular environment from thermal insults
[29]. Expression patterns change when cells are exposed to elevated
temperatures or other stressors [30,31]. Heat stress causes several
proteins in cells to denature, and HSPs protect cells by translo-
cating or re-folding stress-denatured proteins, thereby preventing
inappropriate aggregation [32,33]. These proteins play a role in the
coordinated expression of many growth factors, such as TGF-beta,
which is a key element in the inflammatory response and fibrogenic
process [34].

The fractional CO2 laser system consists of two phases: acute
thermo-ablative damage, followed by proliferation. Application of
the laser stimulates the synthesis of new mature collagen and
matrix substance components in the treated site. This laser technol-
ogy is used in the vagina to achieve “regeneration” with a minimally
invasive procedure, thereby improving elasticity and hydration of
the vaginal walls and relieving discomfort in menopausal women.
Approximately 50% of otherwise healthy women  over 60 years
of age have symptoms that are related to vaginal atrophy [4,35].
Dryness, pain and dyspareunia are consistently associated with a
marked negative impact on sex and relationships, which causes
decreased QoL [36].

In 2011, Gaspar et al. first demonstrated significant histo-
logical improvement in vaginal biopsy specimens that had been
treated with fractional microablative CO2 laser in combination with
platelet-rich plasma. They observed beneficial effects in the 3 layers
of the vaginal wall in contrast to estrogens or other local therapies
that only treat the epithelium [19]. The fractional laser system can
irradiate deeper layers of the vaginal wall and ultimately reactivate
the extracellular matrix and collagen synthesis, which leads to the
recovery of vaginal tissue trophism with minimal trauma to super-
hy: A new treatment modality using thermo-ablative fractional
4.12.006

dx.doi.org/10.1016/j.maturitas.2014.12.006
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37]. Their results demonstrated that laser treatment was effec-
ive in improving VVA symptoms (vaginal dryness, vaginal burning,
aginal itching, dyspareunia, and dysuria; P < 0.001) and VHI scores
13.1 ± 2.5 at baseline versus 23.1 ± 1.9; P < 0.001) at a 12-week
ollow-up.

The data from our study indicate a significant improvement
n VVA symptoms (P < 0.0001) in the women who  underwent 3
essions of vaginal fractional CO2 laser treatment. Moreover, a
ignificant increase in vaginal health scores was  observed at T1
P < 0.0001). In addition, 91.7% of the patients declared that they
ere satisfied or very satisfied with the procedure, which corre-

ponded to a considerable improvement in QoL. Duration of the
aginal changes that were induced by the laser application must
e clarified. Salvatore et al. confirmed that the effect on collagen
emodeling, which they had preliminarily demonstrated in ex vivo
aginal specimens, was similar to what has been observed in vivo
t the skin level [38,39].

This collagen remodeling in the skin was present 3 months
fter the last laser session [40]. These data support the long-term
ffect of the treatment. The principal limitation of this study is the
bsence of a control group of patients, which uses traditional local
strogen therapy. Secondary, the study considers a small sample
ize and lacks long-term follow-up (at least 1 year). Therefore, in
ight of these preliminary results, we will proceed to a random-
zed case-control study, including a follow-up at 12 months after
he last laser treatment session. Furthermore, it would be interest-
ng to extend the use of vaginal CO2 laser to women with severe
ontraindications to hormonal treatments, such as cancer sur-
ivors, for whom laser treatment may  be utilized as “non-hormonal
herapy”.

Special attention should be paid to patients with estrogen-
ependent malignancies who are at high risk of severe VVA symp-
oms and sexual dysfunction [41]. Literature has demonstrated an
ncrease in the incidence and progression of gynecological symp-
oms following chemotherapy and/or endocrine therapy.

Approximately 50–75% of breast cancer survivors experience
ne or more urogenital symptoms. Because of the potential for
educed QoL and poor compliance, treatment of these side effects is

 fundamental component of patient care. Topical estrogen therapy
s currently the most common approach for these patients; how-
ver, clinicians may  be unaware of the guidelines regarding the
dministration of these therapies in breast and genital cancer sur-
ivors [2,42]. For these patients, vaginal CO2 laser treatment may
e a viable option.

Finally, an innovative application of fractional CO2 laser treat-
ent is in laser assisted topical drug delivery, which may  enhance

herapeutic effects on target tissue [43].

. Conclusion

For the treatment of women with severe urogenital symptoms
ho do not benefit from lifestyle changes, vaginal moisturizers or

ocal estrogen therapy, clinicians should consider the use of vaginal
ractional CO2 laser treatment. Our results suggest that thermo-
blative fractionated CO2 laser could be a safe, well-tolerated
nd effective alternative for the relief of VVA symptoms in post-
enopausal women.
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